Twenty-five dogs (beagles) were infected with Leishmania infantum by the intradermal inoculation of an estimated 5-8,000 metacyclic promastigotes harvested from the midguts of 320 experimentally T here are two main difficulties in testing vaccines against canine leishmaniasis experimentally in dogs. The first is that dogs appear generally to respond to infection in one of two ways because of inherent differences in susceptibility (Lanotte et al., 1979; Vidor et al., 1991; Dye et al., 1992; Cabrai et al., 1992; Pinelli et al., 1994) which are evident by the immune response. A cell mediated immunity is associated with inapparent infections, whereas there is no evidence of protection by circulating antibodies (Liew and O'Donnell, 1993) constantlyhigh levels of which usually indicate susceptibility
T here are two main difficulties in testing vaccines against canine leishmaniasis experimentally in dogs. The first is that dogs appear generally to respond to infection in one of two ways because of inherent differences in susceptibility (Lanotte et al., 1979; Vidor et al., 1991; Dye et al., 1992; Cabrai et al., 1992; Pinelli et al., 1994) which are evident by the immune response. A cell mediated immunity is associated with inapparent infections, whereas there is no evidence of protection by circulating antibodies (Liew and O'Donnell, 1993) (Abranches et al., 1991) , although recent advances in manipulating cultures to produce almost pure populations of metacyclic promastigotes (Bates & Tetley, 1993 ) may provide parasites which are more infectious than those of conventional cultures. Amastigotes (Lanotte et al., 1979; Keenan et al., 1984; Abranches et al., 1991) Pinelli et al. (1994) . In the present paper, we
give details of how we prepared the infective doses and report the results of inoculating 25 dogs. The methods are given in sufficient detail for the procedure to be repeated. We conclude that this challenge is the best at present available, although rearing large numbers of sandflies, infecting them, and harvesting the promastigotes demand levels of expertise which are not readily available.
MATERIALS AND METHODS

S
ANDFLIES. Two laboratory colonies of
Phlebotomus perniciosus
Newstead were used.
The first generation reared from flies collected on the island of Gozo, Malta, was used for a test feed on a leishmanial dog. The second generation bred from females caught near Murcia, Spain, was used in the experiment to infect dogs. The sandflies were reared at Ascot by feeding the females on rabbits and the larvae on an aerobically composted mixture of equal parts of rabbit faeces and rabbit pellets (KillickKendrick & Killick-Kendrick, 1987; Lawyer et al, 1991) . For the experiment, they were taken to Madrid as pupae and kept until adults emerged.
DOGS. The dogs were all beagles accommodated at the Barajas (Madrid) kennels of the Llorente Institute.
Before the experiment, they were vaccinated against distemper, hepatitis, leptospirosis and arboviruses.
Twenty-six were used for the experiment and 19
were kept as control, uninfected dogs. 
PARASITE. Sandflies were infected with
CALCULATIONS OF HARVEST AND PREPARATION OF DOSES.
The dissected midguts were pooled and the suspension was gently ground and made up to 2 ml. Counts of promastigotes were made both in a haemocytometer and by the microbead method of Cenini et al. (1989) . The proportion of morphologically recognizable metacyclic promastigotes (Killick-Kendrick, 1986 ) was estimated by the examination of smears which were allowed to dry then fixed in methanol and stained in Giemsa's stain.
After the promastigotes had been counted, the suspension was diluted to 8.0 ml with cold PBS. It was then divided into two equal lots, to one of which sandfly saliva was added. The previously prepared frozen sus- Nine other dogs (Group 2 in table II) were parasitologically positive but had no clinical signs and were still healthy after five years. Six of the nine were shown to have had a cell mediated immune response corresponding to that of "asymptomatic-resistant" dogs of Pinelli et al. (1994) . One of the nine (n° 13) had a high IFAT titre for three years which then fell to negative levels. Another (n° 44) had a raised IFAT titre in the second year which then fell, and a third (n° 43) had an antibody titre of 1/640 in the fifth year but no signs of disease; no assessment was made of its cell mediated immune response.
None of four dogs from which parasites were not isolated (Group 3 in table II) had clinical signs. Evidence that two of them (n o s 12, 23) received infective doses of promastigotes is that both developed a cell mediated immune response (Pinelli et al., 1994) . This response of the other two dogs in this group was not examined, but one (n° 29) initially had a titre of leishmanial antibodies of 1/160 that, in the following year, fell below the cut-off point. The only evidence that the last dog (n° 41) was infected is that chancres arose at the sites of inoculation. Its IFAT titre never In an experimental transmission of /.. infantum to a clog by the bite of a single sandfly, Rioux et al. ( 1979) recorded a delay of 16 months before the first clinical signs were evident. Most of the incubation periods of the dogs in the present study were 18-24 months and thus of the same order. Another similarity with the natural history of the disease is that, in nature, dogs with neither signs of leishmaniasis nor circulating antibodies have been found with a cell mediated immune response (Cabrai et al, 1992; Pinelli et al. 1994 ).
The dogs were inoculated intradermally because this was the closest to putting the promastigotes in the place they would be deposited by a biting sandfly. It is known that Langerhans' cells migrate from the epidermis to the dermis and transport promastigotes from there to draining lymph nodes (see review by Moll, 1993) . This may be an essential step in presenting antigens and, if the individual has the capability, of initiating a cell-mediated immune response.
Intradermal inoculations of metacyclic promastigotes are clearly more natural than intravenous, intraperitoneal or intrahepatic inoculations of many millions of amastigotes (Lanotte et al. 1979 ; Keenan et al. Abranches et al, 1991) .
We added sandfly saliva to half of the inoculum because Titus and Ribeiro (1988) showed that the development of cultured promastigotes of L. major This may be because the suspension of promastigotes to which no saliva was added nevertheless contained some saliva released from glands escaping from the thorax when the head was cut off before drawing out the midgut.
Although the promastigotes harvested from experimentally infected sandflies were highly infective to the dogs, infecting large numbers of sandflies and harvesting the parasites demand high levels of expertise. Several aspects of the methods we used are worthy of note. Firstly, there are no difficulties in rearing hundreds of P. perniciosus which is an easy sandfly to breed in the laboratory [see references in KillickKendrick et al. (1991) , also Ready & Croset (1977) and Molina (1991) ]. We used the second generation of more than 1500 flies of which nearly 1000 were females. Secondly, dogs with leishmaniasis infect widely different proportions of sandflies (Rioux et al, 1972; Gradoni et al, 1987; Molina et al, 1994) and it is necessary to make preliminary tests to select a sui- In devising a mathematical model of canine leishmaniasis, Hasibeder et al. (1992) Accepté le 26 août 1994
